OPEN 3 ACCESS Freely available online 



•0-PLOS I ONE 



Investigation into the Toxicity of Traditional Uyghur 
Medicine Quercus Infectoria Galls Water Extract 

Mubarak Iminjan 1,2 , Nurmuhammat Amat 3 *, Xiao-Hui Li 4 , Halmurat Upur 3 , Dilnur Ahmat 5 , Bin He 6 

1 XiangYa Hospital, Central South University, Changsha, Hunan, People's Republic of China, 2 Pharmaceutical Science Institute, Xinjiang Medical University, Urumqi, 
Xinjiang, People's Republic of China, 3 Traditional Uyghur Medicine Institute, Xinjiang Medical University, Urumqi, Xinjiang, People's Republic of China, 4 Department of 
Pharmacy, Central South University, Changsha, Hunan, People's Republic of China, 5 Department of Pharmacy, Xinjiang Uyghur Autonomous Regions Petroleum Hospital, 
Urumqi, China, 6 Department of Pharmacy, Xinjiang Uyghur Autonomous Regions people's Hospital, Urumqi, China, Xinjiang, People's Republic of China 



Abstract 

Objective: Quercus infectoria galls (QIG) is being widely used in Traditional Uyghur Medicine. To gather preclinical safety 
information for the aqueous extract of QIG, a toxicity study was performed. 

Methods: Subject animals were randomized, and devided into exposure and control groups. In the acute toxicity phase, 
three different doses — 5, 7.5, and 10 g/kg, respectively — were administered via enema to imprinting control region (ICR) 
mice. An experiment using the maximum tolerance dose (MTD) i.e. 10 g/kg was also performed. Data were gathered for 14 
days, and study parameters were clinical signs, body weight, general behavior, adverse effects and mortality. At the day 14, 
major organs of the subjects were examined histologically. Chronic toxicity was also evaluated in Wistar rats for over 180 
consecutive days. The rats were divided into three groups with different doses of 0.2 g/kg, 0.8 g/kg, and 2 g/kg, QIG. 
Furthermore, observations were carried out in rabbits to investigate if there were signs of irritation. 

Results: In comparison to control group, acute, chronic toxicity and mortality were not significantly increased in exposure 
group. 

Conclusion: Study result suggests that the aqueous extract of QIG is unlikely to have significant toxicity and that clinical 
trials may proceed safely. 
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Introduction 

The galls of the Quercus infectoria Olivier plant (also known as the 
Gall Oak or Quercus Lusitanica in the family Fagaceae) grow as a 
result of infections of trees or shrubs by the Cynips gallae tinctoriae 
wasp. These plants are mainly found in Greece, Asia Minor, Syria 
and Iran. Quercuse infectoria galls (QIG, also known as Galla Turcica) 
are known to have multiple therapeutic properties and used widely 
in several traditional medicine as an astringent or an anti- 
inflammatory agent [1,2]. Pharmacologically, QIG has demon- 
strated various effects such as astringent, antiparkinsonian, anti- 
tumor, antidiabetic, local anesthetic, antipyretic, antioxidant, 
antimicrobial, antibacterial and antifungal activity [3-7]. QIG is 
consisted of a large amount of tannins (50%~70%), gallic acid, 
syringic acid, ellagic acid, sitosterol, amentoflavone, hexamethyl 
ether, isocryptomerin, methyl betulate, methyloleanate and 
hexagalloyl glucose [8- 10]. The chemical components of QIG! 
include five main substances such as gallic acid, m-digallic acid, 
methyl gallate,l,2,3,6-tetra-0- galloyl-fi-D-glucose and 1,2,3,4,6- 
Penta-O-galloyl-fS-D-glucose. Therefore, a quality control stan- 
dard for QIG has been established [1 1]. 



In Central Asia, the versatility of QIG has made it one of the 
most popular plants in Traditional Uyghur Medicine (TUM) over 
a thousand years. QIG has been used as an astringent, a moisture 
eliminator, an anti-inflammatory agent (i.e., to treat erysipelas), an 
antiseptic and an antidiarrheal agent. In TUM, QIG is most 
commonly seen in the treatment of intestinal dysmotility, 
dysentery, functional enteritis, hemorrhagic sores, alopecia areata, 
dental caries, periodontitis, halitosis, pharyngolaryngitis and 
tympanitis [12]. One of the most common uses of QIG is in the 
treatment of Ulcerative Colitis (UC) as an enema. QIG has been 
reported that it has anti-inflammatory properties. For example, in 
UC models it showed the ability to down-regulate cyclooxygenase- 
2 (COX- 2), IL-6, c-jun and iNOS expression [13-16]. It has also 
been reported that QIG decreases ADP-induced platelet aggre- 
gation in rats with UC[17]. 

However, there have been no reports published about acute or 
chronic toxicity of QIG. The purpose of this study was to evaluate 
the possible toxicity of QIG aqueous extract via biochemical, 
hematological and histopathological parameters. Then, study 
results can provide clinicians about safe levels of QIG doses. 
Acute effect and mucosal irritation were evaluated in mice and 
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rabbits following the administration of QIG per rectum. In 
addition, chronic adverse effects of QIG were also studied in rats. 

Materials and Methods 

Preparation of the QIG aqueous extract 

Air-dried samples of QIG were purchased from the Xinjiang 
Autonomous Region Traditional Uyghur Medicine Hospital 
(Urumqi, China) and their authenticity was verified by a qualified 
pharmacist. Three kilograms of the gall powder were soaked in 
distilled water, at a volume ratio of 1 :8, for 1 hour. After this, the 
aqueous extract was brought to a boil point over three consecutive 
30-minute periods. The extract was then put through a plate-and- 
frame filter press before being transferred to a reduced pressure, 
low temperature (<60°C) rotary evaporator to achieve a 
concentration of 40 mg/L (W: V). The drug was examined and 
standardized according to general quality control standards of the 
current Chinese Pharmacopoeia [18] and according to our 
previously reported analytic methods [19]. 

Preparation of Test Animals 

We used Specific Pathogen Free (SPF) animals. ICR mice 
(20±2 g) were chosen for the acute toxicity study. Wistar rats 
(200 ±20 g) were used by our group in the past for UC studies 
[11,13-17,20]. New Zealand Rabbits (2.5±0.5 kg) were selected 
for evaluating the degree of mucosal irritation from the extract due 
to their sensitivity. The qualification certificate number of animals 
was SCXK (XIN) 2003-0001, and they were all procured in the 
Xinjiang Medical University laboratory animal center. The test 
subjects were kept in environmentally controlled cabinets. The air 
temperature was maintained at 23±2°C and humidity at 50-60%. 
They were kept under a 12-hour light-dark cycle (07:00-19:00) 
fed with food pellets and water ad libitum. The components of the 
mouse and rat feed were wheat, corn, bean pulp, fatty residue and 
fish flour. Rabbits were fed with grass powder. The protocols for 
these experiments were approved by the Xinjiang Medical 
University Ethics Committee on Animal Experimentation and 
conducted in accordance with internationally accepted principles 
for the use and the care of laboratory animals. 

Administration of QIG Aqueous Extract 

Acute toxicity study. The ICR mice were randomly assigned 
and divided by gender to experimental groups of ten mice each 
and a control group of ten mice. The entire experimental group 
consisted of 15 male and 15 female mice. The control group 
consisted of 5 male and 5 female mice. These animals were given 
distilled water enemas. Three experimental groups of ten mice 
each were assigned to receive QIG aqueous extract in doses of 5, 
7.5 and 10 g/kg body weight, respectively, via enema. These doses 
are respectively equivalent to 150, 225 and 300 times the usual 
therapeutic dose for an adult human (60 kg). At the highest dose, 
mice received 5 mL of fluid per rectum at a concentration of 40 
grams of plant material per liter. 

Immediately after administration, food and water were withheld 
from the mice and were observed for signs of toxicity at intervals of 
15, 30, 60, 120 and 240 minutes. Beyond this, the mice were 
observed daily for behavioral changes and physical signs of toxicity 
or death for up to 7 days [21]. 

Because none of the mice died in this part of the study, the LD 50 
could not be determined. For this reason, a maximum tolerance 
dose (MTD) experiment was carried out. 

For the MTD study, ICR mice were randomly assigned to a 
control group and an experimental group of 20 mice each. QIG 
aqueous extract was administered rectally to the experimental 



group in single doses of 10 g/kg of body weight. The mice were 
observed daily for behavioral changes and physical signs of toxicity 
or death for up to 14 days afterwards. 

Mucosal irritation study. New Zealand male rabbits were 
randomly assigned to three groups: a control group receiving 
distilled water enemas (n = 4), the first exposed group receiving 
0.1 g/kg of QIG aqueous extract enemas (QIG1, n = 9) at a 
concentration of 0.04 g/ml, and the second exposed group 
receiving 0.95 g/kg of QIG aqueous extract enemas (QIG2, 
n = 4) at a concentration of 0.38 g/mL. Animals in each group 
received enemas in volumes of 2.5 mL/kg for 14 consecutive days. 
During this period, food and water intake as well as daily body 
weight measurements were taken. Afterwards, the rabbits were 
sacrificed, and colon and anal tissue samples were collected for 
Hematoxylin-Eosin (HE) staining and histological examination. A 
standardized table was used to grade histological changes and 
scores were used for quantitative analysis (Grading of Pathologic 
Changes for the Rabbit Mucosal Irritation Experiment see 
Table 1). 

Chronic toxicity study. Wistar rats were randomly assigned 
to four groups of 30 animals each, equally divided by gender. This 
first group was a control group that received distilled water 
enemas. Groups 2 to 4 (QIG1 to QIG3) received daily QIG 
aqueous extract enemas in doses of 0.2, 0.8 and 2 g/kg (5 mL/kg 
volumes) for 180 days. After this period, the rats were observed for 
30 more days of convalescence. Daily observations were made 
regarding signs of toxicity, mortality, water and food consumption 
and body weight. At intervals of 90, 180 and 210 days, ten rats in 
each group were set aside, made to fast for 12 hours and then 
anesthetized with pentobarbital. Under anesthesia, blood samples 
were collected from their abdominal aortas for hematology 
evaluation (in a tube containing EDTA anticoagulant), biochem- 
ical testing (no anticoagulant) and prothrombin time (tube with 
sodium citrate) testing. The blood used for biochemical testing was 
allowed to clot before centrifugation at 3,000 rpm and 4°C for 
10 min. The serum was then collected and analyzed. 

Hematology and biochemistry 

Hematological analysis was performed using a hematology 
analyzer (LH 750, Beckman Coulter). Indices that were recorded 
included: hematocrit (Hct), hemoglobin (Hb), red blood cell count 
(RBC), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentration 
(MCHC), white blood cell count (WBC), red blood cell volume 
distribution width (RBC%), neutrophil count (N), lymphocyte 
count (L), monocyte count (M), eosinophil count (E), basophil 
count (B) and platelet count. 

Serum biochemical analysis was performed with an automated 
chemistry analyzer (LX20, Beckman Coulter). Recorded mea- 
surements included: alkaline phosphatase (ALP), alanine amino- 
transferase (ALT), aspartate aminotransferase (AST), blood urea 
nitrogen (BUN), total protein (TP), albumin (ALB), bilirubin (BIL), 
creatinine (Cr), glucose (GLU), uric acid (UA), triglycerides (TG), 
total cholesterol (TC), sodium (Na), potassium (K) and chloride 
(CI). 

Blood coagulation measurements were performed with an 
automated coagulation analyzer (ACL Advance, Beckman Coul- 
ter). Thrombin time (TT), prothrombin time (PT), activated 
partial thromboplastin time (APTT) and fibrinogen (FBG) 
measurements were taken. 

Histopathology 

The brain, heart, kidneys, lungs, stomach, liver, spleen and 
uterus of test animals were examined. Observations were made in 
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Table 1. Standard for Grading pathologic change in mucosal tissue samples. 





Morphological Changes 


Severity 


Grade 


No change or no significant change 


No irritation 


0-0.40 


Mild hyperemia, mild secretions 


Mild irritation 


0.41-1.5 


Moderate congestion, increased secretions 


Moderate irritation 


1.51-2.50 


Moderate congestion, edema, copious secretions, mucosal deformation 


Severe irritation 


£2.51 



doi:1 0.1 371 /journal.pone.0090756.t001 



situ of each organ's position, shape, size and color as well as for any 
gross lesions. Then the organs were carefully dissected out and 
weighed. Fresh tissue slices from each organ were obtained then 
fixed in a buffered formaldehyde solution (10%), fixed with 
ethanol-benzene and enclosed in paraffin. A microtome was used 
to cut micrometer sections that were then prepared as slides and 
stained with HE. These samples were tested under light 
microscope examinations by a pathologist in a blinded fashion. 
Histological changes were graded according to Table 2 (Grading 
Scale for Determining Pathological Severity of Features Found in 
Tissue Samples from the MTD and Chronic Exposure Experi- 
ments see Table 2) and scores were used for quantitative 
comparisons. 

Statistical Analyses 

Statistical calculations for the data were performed using SPSS 
17.0 software package. Comparisons were made using analysis of 
variance (ANOVA). Significance declared at P<0.5 and measured 
with the Student's T-test. All data are expressed as mean ± 
standard error of measurement (SEM). 

Results and Discussion 

Acute toxicity study 

In the animals that received QIC aqueous extract, there were 
no deaths or any significant changes in behavior detected (Table 3). 
As a result, LD 30 can not be calculated. 

Subsequendy, results of the MTD experiments showed no 
statistical difference in body weight between the control and 
experimental groups (P>0.05). In addition, no gross signs of 
toxicity in any of the mice organs were found at necropsy (data are 
not shown here, but available upon request). The dose used for this 
phase of the study was more than 300 times the usual therapeutic 
dose in humans. Therefore, the MTD for QIG aqueous extract 
was observed to be greater than 10 g/kg. 

Microscopic examination revealed significant differences in 
Kupffer cell hyperplasia in the liver tissues of the mice (P<0.05). 
The experimental group had lower levels of hyperplasia than in 
the control group, as shown in Figure 1, A1-A2. Exposed mice 
had higher levels of minor edema than control mice in renal 



tubular epithelium (P<0.05, Figure 1, B1-B2). Intestinal mucosal 
epithelial hyperplasia was seen in both exposed and control 
groups, but less hyperplasia was seen in exposed mice than control 
mice, (P<0.05, Figure 1, C1-C2). No other statistical differences 
were noted for any other histological findings. 

Mucosal Irritation study 

Daily rectal administration of QIG aqueous extract for 1 4 days 
did not produce any obvious sign of clinical toxicity in rabbits. 
After the administration of the enema at the beginning of the 
study, all the subjects reacted with signs of discomfort-such as 
attempting to withdraw, and anal spasms. Their behaviors were 
returned to normal several days later. No congestion or edema was 
observed in the colonic mucosa and anal tissues of the animals. As 
shown in Figure 2, C, there was no statistical difference in body 
weight between the experimental and control group; Intestinal 
epithelial hyperplasia was observed in all three groups, but there 
were no significant differences between them. There was a slight 
preponderance of gland cells in the serosal and muscular layers of 
the anal tissues of the control group, but this was not statistically 
significant (Figure 2, A-B). 

Chronic toxicity study 

Effect of QIG extract on the body weight and feed 
consumption of rats. Rectal administration of QIG aqueous 
extract for 180 consecutive days did not produce any obvious signs 
of toxicity or any animal death, even at the highest dose of 2 g/kg. 
Changes in body weight are shown in Figure 3. There were no 
significant differences in changes in body weight between exposed 
and control groups. There were some trends seen in weight 
changes in different gender. However,at the lowest dose (group 
QIG1), differential weight gain was 0.6% for males and 2.5% for 
females compared to controls. At the other doses, these differences 
were 2.1% for males and 0.9% for females (QIG2) and 5.6% for 
males and 1.2% for females (QIG3). Overall, male rates showed 
greater weight gain than females. These changes varied by weight. 
The male rats gained more weight with higher doses, but females 
showed an inverse relationship between dose and weight change. 
Over six months, the difference in weight change between female 
rats receiving the highest dose (QIG3) and that of controls was 



Table 2. Scale for tissue sample pathology grading. 




Table 3. Signs of acute toxicity test. 








Surface Appearance 




Dose(g/kg Body Weight) Mortality 


Degree express 0 <5% 5%a 25%=; 50%> 


£75% 




D/T Latency (h) 


Toxic Signs 


Sign - ± + ++ +++ 


++++ 


5.00 0/10 


None 


Numeric 0 0.5 12 3 


4 




7.50 0/10 


None 


Description None Minimal Mild Altered Moderate 


Severe 


10.0 0/10 


None 


doi:1 0.1 371 /journal.pone.0090756.t002 
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Control 



QIG1 





Figure 1. Histological samples from the MTD test: A-C. Panels 
A1-A2 show normal liver. Panels B1-B2 show normal kidney and Panels 
C1-C2 show normal colon tissues. Control (x40), QIG3 (x40). 

doi:1 0.1 371 /journal.pone.0090756.g001 



statistically significant (P<0.05). These trends in weight changes 
are significant in female rats between QIG1 and QIG3 in 1, 2, 4, 
5, 6 months; between QIG2 and QIG3 there were no difference. 
From the second week of 6 month these differences were not 
significant. 

Overall food consumption was similar between the groups. 
Food intake generally decreased over the course of QIG 
administration, but there were no statistically significant changes 
throughout and into the convalescent stage, as shown in Table 4. 

Effect of QIG extract on the hematological parameters 
and biochemical parameters of rats. Hematologic and 
biochemical data showed significant differences between groups 
in MCV, MCHC, WBC, RDW and ALT., male rats received the 
medium dose had lower MCV and higher MCHC readings than 
the control group (P<0.05). However, these changes were not 
dose-dependent, and no similar level of statistical difference was 
seen in female rats. Female rats had a higher WBC in the medium 
dose group and a higher RDW in the lower dose groups than 
controls, but this was not seen in males, as shown in Table 5. 
Similarly, lymphocyte counts for females, but not male, were 
significantly elevated for exposed animals. 

Female rats had significantly higher ALT levels than controls in 
the higher dosage group (P<0.05), as shown in Table 6. In 
addition, higher levels of ALP were seen in female rats received the 
medium and high doses. All of the blood values measured during 
this experiment was within their normal ranges. 

Histopathological changes. Histological changes in the 
liver at 6 and 7 months for control and exposed rats receiving 
QIG extract are shown in Figure 4. Both control and experimental 
animals showed signs of spotty necrosis and steatosis, but there was 
no statistical difference between them (Figure 4, A1-A3). Minor 



A3 



QIG2 




M 



ft 



ft 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
□ control OQIG1 DQIG2 ti»e (days) 

Figure 2. Histological and body weight changes in mucosal 
irritation test: A-C. Panels A1-A3 show photomicrographs of the 
colon sections (x10). Panels B1-B3 show photomicrographs of the anus 
sections (x40). Panel C shows body weight changes. 
doi:10.1371/joumal.pone.0090756.g002 

edemas in the renal tubular epithelium as well as slight glomerular 
capillary stasis were seen in all groups with no statistical difference 
as displayed in Figure 4, B1-B3. Histological changes in other 
organs also showed no statistical difference between controls and 
exposed rats as well as between different dose groups. 

Discussion and Conclusions 

Plant-derived medicines continue to be used throughout the 
world, and many major drugs have historically been extracted 
from plants. Herbal medicines are commonly used in alternative 
medical practice [22-24]. The therapeutic use of plant products is 
increasingly popular as more consumers have faith in their benefits 
and in their purported absence of adverse effects [25] . However, 
the rationale for the utilization of medical plants has rested largely 
on experiences of clinical practitioners with little or no scientific 
data on their efficacy and safety [26]. 

To determine the safety of drugs for human use, toxicological 
evaluation is always firstly carried out with experimental animals 
to assess potential toxicity and to provide guidance on safe doses 
for human being [27]. The evaluation of chronic adverse effects 
may be more important in the determination of the overall toxicity 
of these drugs [28]. 

In this study of QIG aqueous extract, there were no mice died 
during the acute toxicity experiment despite receiving the highest 
dose (10 g/kg) that is 300 times greater than that usually 
administered in Traditional Uyghur Medicine. In addition, there 
were no significant adverse effects noted in the animal behavior. 
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Figure 3. Body weight changes during chronic toxicity test: A-B. Panel A for male rats. Panel B for female rats. 
doi:1 0.1 371 /journal.pone.0090756.g003 



Table 4. Feed consumption of rats during chronic toxicity test*. 



Males (n = 1 5) Females (n = 1 5) 

Month Dose ( 9 /k 9 Bod V Weight) 



0 0.2 0.8 2 0 0.2 0.8 2 



0 


51.00 


47.24 


51.41 


48.92 


49.77 


50.79 


46.15 


48.95 


1 


38.38 


42.01 


40.05 


39.47 


36.83 


36.17 


37.09 


39.64 


2 


38.54 


41.88 


39.32 


41.10 


40.56 


41.47 


41.07 


39.63 


3 


35.62 


40.23 


37.21 


34.77 


37.69 


38.96 


39.86 


41.84 


4 


34.53 


36.42 


38.20 


40.62 


40.02 


39.05 


39.64 


44.57 


5 


37.51 


42.38 


47.19 


38.87 


47.65 


42.09 


45.58 


44.94 


6 


38.74 


41.20 


42.20 


38.65 


48.15 


46.48 


48.15 


56.01 


7 


42.41 


41.79 


43.11 


41.72 


47.90 


49.80 


51.42 


55.18 



*Values represent the mean for each group. 
doi:1 0.1 371 /journal.pone.0090756.t004 
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Table 5. Hematologic measures during the chronic toxicity test. 



Males (n = 15 Females (n = 15) 



Parameter Dose(g/kg) 



Hemoglobin(g/L) 


141. 


8±5.4 


135.6+2.1 


141. 


7±7.0 


137. 


1+11 2 


135.8±6.4 


142.3±9.4 


142.0±6.3 


147.7±19.7 


RBC(x10 12 /L) 


7.6± 


0.2 


7.4+ 


0.3 


7.7+ 


0.4 


7.5 + 


0.7 


7.0+ 


0.5 


7.2 + 


0.4 


7.3 ± 


0.3 


7.6± 


1.0 


NRBC(%) 


2.8± 


4.3 


0.9± 


1.2 


9.4 ± 


22.1 


1.2+ 


1.1 


0.0± 


0.0 


8.6± 


12.4 


0.0 ± 


0.0 


0.0 ± 


0.0 


NRBC (x10 9 /L) 


1.5 + 


3.4 


0.0± 


0.0 


0.2 + 


0.4 


0.4 + 


1.1 


0.4± 


0.6 


0.1 + 


0.2 


0.0 ± 


0.0 


0.0 ± 


0.0 


MCV (fl_) 


56.3 


±1.5 


54.4 


+ 1.9 


54.3 


+ 1.0 


55.2 


±1.6 


59.0 


±2.2 


57.9 


±1.4 


57.8 


±0.8 


58.6 


±3.1 


MCH (pg) 


18.8 


±0.4 


18.3 


±0.6 


18.5 


±0.2 


18.3 


±0.5 


19.4 


±0.7 


19.7 


±0.5 


19.6 


±0.2 


19.5 


±0.4 


M(_H(_(g/L) 


333.6±4.3 


336.8±3.1 


340.5 ±2.5* 


331. 


3±4.5 


328.3±9.2 


341. 


0±3.0* 


338.7±2.5 


333.7±13.1 


RDW (%) 


15.1 


±0.9 


15.7 


±1.2 


16.0 


±0.6 


15.7 


±1.1 


12.7 


±0.8 


14.0 


±1.0* 


13.5 


±0.4 


13.3 


±0.2 


Platelet (x10 9 /L) 


828±93 


874±153 


887±63 


836±168 


959±114 


897±201 


1033 


±116 


1048 


±21 


PT(sec) 


20.9 


±4.1 


23.9 


±2.2 


24.1 


±1.8 


23.8 


±0.7 


22.5 


±1.6 


21.9 


±1.1 


23.2 


±1.5 


22.6 


±0.0 


APTT(sec) 


22.8 


±2.1 


25.3 


+ 1.1 


21.5 


±1.8 


20.1 


±2.7 


20.2 


±3.3 


20.1 


±2.7 


21.2 


±1.9 


20.0 


±1.7 


FBG(g/L) 


2.0± 


0.5 


2.0+ 


0.4 


2.3 ± 


0.4 


2.4+ 


0.3 


1.3 + 


0.3 


1.5+ 


0.4 


1.3± 


0.2 


1.0± 


0.1 


WBC(x10 9 /L) 


2.1 + 


1.0 


1.4+ 


0.7 


1.6+ 


1.0 


1.3 + 


0.7 


1.5 + 


1.6 


2.6± 


1.4 


4.7 ± 


3.0* 


4.6 ± 


3.0 


Neutrophil xlfj'/L) 


0.7+ 


0.6 


0.3 ± 


0.3 


0.2 ± 


0.1 


0.1 + 


0.2 


0.5 + 


0.5 


0.7± 


0.7 


1.4± 


1.9 


1.3± 


1.1 


Lymphocytes( x 1 0 9 /L) 


1.41 


0.7 


1.0± 


0.8 


1.3+ 


1.0 


0.9 + 


0.5 


1.0+ 


1.0 


1.8+ 


0.9 


3.2± 


1.6* 


3.3 ± 


1.9* 


Monocytes (x10 9 /L) 


0.02 


±0.04 


0.00 


±0.00 


0.00 


±0.00 


0.00 


±0.00 


0.00 


±0.00 


0.00 


±0.00 


0.00 


±0.00 


0.00 


±0.00 


Eosinophils(10 9 /L) 


0.05 


±0.03* 


0.01 


±0.01 


0.02 


±0.01 


0.02 


±0.01 


0.02 


±0.02 


0.04 


±0.04 


0.07 


±0.07 


0.06 


±0.09 


Basophils (x10 9 /L) 


0.00 


±0.01 


0.07 


±0.15 


0.10 


±0.24 


0.23 


±0.28 


0.00 


±0.01 


0.01 


±0.01 


0.05 


±0.12 


0.02 


±0.02 



Values are mean ± SD. *P<0.05 for difference from controls. 
doi:1 0.1 371 /journal.pone.0090756.t005 



Table 6. Biochemistry parameters in chronic toxicity test. 



Males (n = 1 5) Females (n = 1 5) 



Parameter Dose(g/kg) 



AST (U/L) 


164.5 ±64.7 


126.9±41.4 


125. 


1±30.4 


118.0±23.8 


75.9 


±35.6 


101. 


5±18.3 


102.3 ±25.7 


105.5±9.3 


ALT (U/L) 


57.1 


±22.5 


38.5±9.3 


43.5 


±11.5 


39.1 


±5.9 


29.9 


±7.5 


26.3 


±11.0 


31.7 


±4.4 


41.7+6.5* 


ALP (U/L) 


96.3 


±10.8 


90.7 ±8.8 


91.1 


±22.4 


96.2 


±23.4 


45.8 


±6.1 


41.1 


±8.0 


72.4 


±24.6* 


82.7 ±34.8* 


Sodium(mmol/L) 


140.6±0.9 


145.6±5.4 


140.7 ±1.3 


140.6 ±1.0 


140.3 ±1.0 


140.3 ±0.5 


142.6 ±2.5* 


142.0±1.1 


Potassium(mmol/L) 


4.8 ± 


0.4 


4.6 ±0.3 


4.7± 


0.2 


4.5 ±0.2 


4.2 + 


0.3 


4.6±0.3 


4.1 ± 


0.5 


5.3 ±1.5* 


Chloride(mmol/L) 


101. 


5±1.7 


104.6 ±1.9* 


103.4±1.0 


103.9±2.6 


104.9 ±1.6 


104.7±1.1 


106.9 ±1.4* 


107.9±3.1* 


Urea(mmol/L) 


7.5 ± 


1.3 


6.4 ±0.7 


6.6 + 


0.4 


7.3±1.1 


8.0+ 


1.6 


6.8±0.9 


7.4± 


1.5 


8.2 ±1.2 


Bilirubin(fimol/L) 


6.5+ 


2.9 


7.1 ±1.8 


7.2 + 


2.5 


7.6±2.1 


6.8 + 


2.6 


7.6 ± 


-1.7 


6.1 ± 


1.5 


7.9±1.5 


Creatinine(^mol/L) 


51.4 


±6.5 


44.9 ±3.4 


49.7 


±6.8 


47.1 


±4.4 


42.2 


±6.2 


42.7 


±4.4 


44.6 


±3.6 


43.3±3.1 


Protein(g/L) 


51.7 


±1.1 


49.1 ±1.9 


49.9 


±3.3 


52.6 


±7.9 


63.1 


±11.3 


55.1 


±1.3 


52.5 


±3.5 


55.3±3.1 


Albumin(g/L) 


14.8 


±1.0 


14.4±0.7 


14.2 


±0.6 


15.1 


±0.9 


19.1 


±2.0 


19.2 


±1.2 


17.6 


±1.8 


19.7+1.9 


Globulin(g/L) 


36.9 


±0.6 


34.7 ±1.5 


35.8 


±3.1 


37.5 


±7.1 


44.1 


±11.6 


36.0 


±2.2 


34.9 


±2.0 


435.7±1.4 


AG ratio 


0.40 


±0.03 


0.42 ±0.02 


0.40 


±0.03 


0.41 


±0.05 


0.46 


±0.14 


0.54 


±0.06 


0.50 


±0.04 


0.55 ±0.04 


Cholesterol(mmol/L) 


0.9 ± 


0.2 


0.9 ±0.2 


0.9± 


0.0 


1.1 ±0.5 


1.9+ 


1.2 


1.2+ 


0.1 


1.1 ± 


0.2 


1.2±0.1 


Glucose(mmol/L) 


8.7+ 


2.8 


7.1 ±0.6 


8.3 + 


1.4 


8.2±0.4 


7.5± 


2.3 


6.1 ±0.7 


6.4± 


0.6 


5.3 ±1.2 



Values are mean ± SD. *P<0.05 for difference from controls. 
doi:1 0.1 371 /journal.pone.0090756.t006 
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Control (*40) QIG36mo (*40) QIG3 7mo ( x40) 




Figure 4. Histological examination during chronic toxicity test: 
A-B. Panels A1-A3 for liver and panels B1-B3 for kidneys tissues. 
Control (,-40), QIG3 6 mo (x40), QIG3 7mo (x40). 

doi:1 0.1 371 /journal.pone.0090756.g004 

We did observe potential signs of an anti-inflammatory effect in 
those exposed animals compared to controls which was demon- 
strated via reduced levels of hepatic Kupffer cell proliferation and 
intestinal mucosal hyperplasia. We therefore, conclude that QIG 
unlikely has toxic effects in acute administration despite using 
extremely high doses. 

To evaluate the local tissue effects of the QIG preparation, 
colon and anal tissues obtained from sensitive animals (rabbits) 
were examined. The apparent discomfort in rabbits with rectal 
manipulation was likely normal and resolved after the first few 
days. We found that there were no signs of congestion or edema in 
the colonic or anal mucosae of these animals, suggesting that such 
administration of QIG aqueous extract dose does not irritate these 
tissues. This conclusion was also supported by the histological 
findings. Although intestinal epithelial hyperplasia and anal 
glandular hyperplasia were detected, there were no significant 
differences between the groups. Our data show that QIG aqueous 
extract enemas did not cause significant local mucosal irritation. 

Similar to acute administration, chronic use of QIG aqueous 
extract did not result in obvious toxicity. Rats were given QIG 
aqueous extract with doses from 0.2 g/Kg to 2 g/kg for up to 180 
days. Although we noticed some changes in body weight and 
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Blood parameters are also important for evaluating toxicity 
since they have higher predictive values [29] . Chronic exposure of 
the rats to the highest dose (2 g/kg) of the QIG aqueous extract 
produced small and transient changes in some biochemical and 
hematological parameters such as MCHC. These changes were 
resolved by the end of the period of chronic exposure. However, 
we did see elevations in ALT and ALP in female rats but not in 
male rats. This could suggest a gender difference in response to 
QIG and further research should be carried out to verify these 
changes. 

The rectal administration of QIG aqueous extract appeared to 
have very low, if any, toxicity. However, studies on experimental 
animals cannot always be relied upon to predict safety for human 
trials, additional studies are needed to define a safe and effective 
dose that is free of all toxic effects. In addition, it would be useful to 
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